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Ageing does not affect
IIexion reiaxation
01 erector spinae
Erector spinae (ES) activity during trunk flexion
in 22 young (20-25 years) and 16 older (60-92
years) normal females was examined with
surface EMG. The trunk movements and
simultaneous EMG oscillograph of ESwere
recorded with two synchronised video cameras.
TheES relaxedatthe critical position (CP) which
was 67 and 82 per cent of full trunk flexion for
young and older subjects respectively. The
vertebraImovements to the GP were notdifferent
between groups, but the older subjects
demonstrated more hip movement to the CP
and less full trunkflexionrange. Theimplications
ofthese age related changes in trunk kinematics
are yet to be developed with further clinical
studies.
[Ng GYand WalterKS: Ageing does not affect
flexion relaxation of erector spinae. Australian
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ower back pain is a common
clinical condition. There are
various causes of lower back pain
and the sudden decrease in EMG
activity of the erector spinae (ES)
muscles towards the .end of trunk
flexion is believed to be a contributing
factor (Tanii and Masuda 1985,
HukinsetaI1990).
Numerous studies have been
conducted to examine the activity of
the ES during trunk flexion (Floyd and
Silver 1951 and 1955, Kippers and
Parker 1983 and 1984, Pauly 1966,
Portnoy and Morrin 1956, Schultz et
al 1985,Sihvonenet al1988 and 1991,
Tanii and Masuda 1985, Wolf et al
1991). Allhave shown that this muscle
suddenly relaxes towards the end of
flexion and remains quiescent
throughout the rest of the flexion
range in most people. The position at
which the ES relaxes has been referred
to as the position of flexion relaxation
or the critical position (Floyd and
Silver 1951 and 1955, Kippers and
Parker 1984).
The exact mechanism for the critical
position phenomenon is not clear.
Various hypotheses have been
advanced, such as the neural reflex
inhibitory mechanism (Floyd and
Silver 1951 and 1955); zygapophyseal
joint mechanoreceptor sensory
feedback (Kippers and Parker 1984);
mechanical locking ofintervertebral
joints at terminal trunk flexion (Tanii
and Masuda 1985); and neuromotor
reaction to muscle lengthening in the
ES (Kippers and Parker 1984, Portnoy
and Morrin 1956). Except for Tanii
and Masuda (1985), who postulated
mechanical locking of bony structures,
all other authors have explained the
critical position (CP) phenomenon on
the assumption that theESand
posterior spinal ligamentous structures
work in tandem to support the.spine
during flexion. Tension in the spinal
ligamentous structures increases with
trunk flexion and, towards the end of
flexion range, passive tension in the
ligaments, thoracolumbar fascia and
connective tissue components of the
ES may counter-balance the upper
body load and therefore the muscles
relax, leaving the posterior ligamentous
structures to be the main support for
the spine.
The effects of ageing on the
mechanical properties of ligaments
have been well documented (Adamset
al 1980, Twomey and Taylor 1983.,
Woo etaI1991). Studies have shown
that the stiffness of ligaments decreases
with ageing. As a result of these
changes, the posterior spinal ligaments
in older people are likely to develop
less passive tension than those in
young people at the same amount of
strain. This could cause the back
muscles in older people to be active
further into the flexion range, so as to
control the movement. Thus the CP in
older people may occur later in the
range than it does in younger people.
Previous studies have not examined
the effects of age on the CP
phenomenon. Most of the studies
examined relatively young adults
within a small age range. Portnoy and
~
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Morrin (1956) tested subjects aged
from 19 to 28 years; Pauly (1966)
studied subjects aged between 19 and
37 years; Tanii and Masuda (1985)
tested subjects aged from 23 to 28
years; andWolfet al (1991) tested
subjects aged between 18 and 29 years.
Only two studies (Kippers and Parker
1984, Sihvonenet al1988) have
included a relatively large sample of
people aged from 16 and 18 years to 49
years. However, in hothofthese
studies, the results for all ages were
pooled and no attempt was made to
analyse the age effect. It is essential to
excellent client care that
physiotherapists working with older
people understand the changes in
spinal biomechanics with ageing, so as
to be able to provide appropriate back
care advice and exercise. The present
study therefore aimed to examine the
effect of ageing on the activity ofthe
ES during trunk flexion.
Methods
Twenty-two young females (aged 20-
25.years) and 16 elderly females (aged
60-92 years) were tested. They were
volunteers without known medical
problems. People with a history of
spinal or hip surgery, or episodes of
back or hip pain requiring treatment
within two months prior to the study,
were excluded. Allsubjects gave
written consent before being tested
and the study was approved by the
Human Research Ethics Committee of
La Trohe University.
An electromyographic (EMG) system
(Qantec 800 power case, 810 amplifier,
820 pre-amplifier with built in
electrodes) was used to record the
activity of the ES. Surface electrodes
were applied at the level ofL3 on each
subject, three centimetres from the
midline on both sides. The skin was
prepared by shaving, light abrasion
with fine sand paper and then cleaning
with methylated spirit. The skin
resistance was checked after
preparation and a value of less than
5kohmswas considered acceptable
(Gilmore and Meyers 1983). The pass
band was 10-500 Hz and the raw EMG
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signals were displayed on.a dual
channel oscilloscope (Kenwood
50MHz,CS-51S5).
The Ll spinous process, anterior and
posterior superior iliac spine (ASIS and
PSIS) and lateral femoral epicondyle of
the right leg of each subject were
carefully located by manual palpation.
Small reflective paper balls were
adhered to these points. These were
later used as reference points for the
measurements of the body angles at
different trunk positions.
The subject then stood barefoot on
two markers on the floor with the feet
shoulder width apart. A video camera
(NationaIFlOCCD) was positioned
2.5 metres to the right of the subject
and centred at the ASIS marker to
record·the movement. The EMG
signals displayed on the oscilloscope
were also recorded by a second video
camera (National A2). The two
cameras were linked via a genlock to a
video signal mixer which produced a
split screen image. The video mixer
synchronised the images of both
cameras so that simultaneous display of
the same point in time was achieved,
that is the EMG signal was displayed
on half of the screen and the
simultaneous position of the subject
was displayed on the other half. The
split screen image was recorded onto
S-VHS tapes using a National]! 1
video recorder for later analysis.
During testing, each subject was
asked to perform full trunk flexion
from erect standing to full flexion in
three seconds. A metronome set at one
beat per second was used to help the
subjects control the speed. Each
subjectwas asked to keep their knees
straight throughout the movement.
Trunk rotation was controlled by
asking the· subjects to keep their hands
together and then slide them down
between their legs. Trial runs allowed
each subject to follow the metronome's
pace before recording commenced.
Pillows and cushions were placed on
the floor around the subject asa safety
precaution against falling. Three
complete trunk flexion movements
were recorded for each subject with
one to two minutes rest between each
movement.
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After all recordings, the video tapes
were played on aBVU 8708 VCR with
BVT 810 time base.corrector for still
picture analysis. A computer program
designed by the Technical Services
Unit at La TrobeUniversity was used
to measure the body positions .. The
program ran on an Arniga 2000
computer and calculated the angles
between selected points on the screen.
Accuracy of this program was checked
bydigitising the video image of a
goniometer set at different angles. The
computer digitised angle was then
compared with the actual angle of the
goniometer and these angles were
matched toG.S degrees accuracy.
The video signal was superimposed
on the Amiga computer signal via a
Magnigenlock to produce a combined
image so that the body markers could
be digitised with a mOlise. This
combined image was then displayed on
a Sony Kx21 profeel video monitor for
analysis..
The trunk flexion angle (TA) was
separated into vertebral angle (VA) and
hip angle (HA). The VA was taken as
the intersecting angle between the
lines connecting the ASIS/PSIS with
the line connecting the PSISIL1. The
HA was the intersecting angle between
the ASIS/PSIS line and the PSIS/knee
line (Figure 1). The VA and HA were
measured at erect standing, at the
onset of the CPand at full flexion. The
CP was determined by replaying the
video in slow motion so that the
sudden decrease of EMG signal could
be detected. \\'hen theCP was
identified, the image was frozen and
the two angles were digitised.
Measurements were made on the three
recordings for each subject and the
mean value for each angle was
calculated.
Results
The vertebral, hip and trunk
movements from erect standing to the
CP were calculated by taking the
difference between the VA,HA and
T A at erect standing and at the CPo
The respective movements from erect
standing to full flexion were obtained
in a similar way. Full flexion was
AUSTRAliAN PHYS10THERAPY o RI GIN A L ARTICLE
vertebral movements to theCP and
full flexion. For hip and trunk
movements, the older subjects
demonstrated significantly larger
movement from erect standing to the
CP (p < 0.05). However, the full trunk
flexion was significantly less for the
older subjects (p< 0.05), but there was
no significant difference in the hip
movements. The ·CP in older subjects
occurred relatively later in the trunk
flexion range than the young subjects
(p< 0.05).
Discussion
The present study has confirmed
previous findings that erector spinae
activity decreases towards the end of
trunk flexion inmost subjects (Floyd
and Silver 1951 and 1955,Kippers and
Parker 1983 and 1984,Pauly 1966,
Portnoy and Morrin 1956, Schultz et
a11985, Tanii and Masuda 1985, Wolf
et al 1991). There was no significant
difference in the vertebral movements
between young and older subjects to
theCP and to full flexion, but the hip
and trunk movements were different
between the two groups.
The full vertebral flexion ranges of
22.1 ±6.0 [SD] degrees and 19.3 ±5.6
[SD] degrees for young and older
subjects in this study are less than the
previously reported figures. It has been
shown with in-vitro measurements that
the degree of lumbar flexion ranges
from 25 to 39 degrees for young
subjects and 15 to 26 degrees for older
subjects (Taylor and Twomey 1980,
Twomey 1979, Twomey and Taylor
1983). The discrepancy may be
because the present measurements
were taken froin the skin on living
subjects as compared .with the previous
reports taken from bony points on
cadavers. Furthermore, the
measurements on cadavers involved
the removal of skin and the erector
spinae muscles. VVhen intact, these
structures act as passive restraints to
trunk flexion, .and their removal could
lead to an increased range of
movement.
The finding that vertebral movement
from erect standing to the onset of the
(7.1)
(11.1)
determined as the position at which
further trunk movement was not
possible without active contraction of
the trunk flexors. The movements for
young and older subjects were
compared using independent one tailed
t tests. The vertebral and trunk
movements to the CP, expressed as
percentages of those to full flexion,
were also compared with t tests. The
level of significance was set at 0.05.
Two subjects, one from each group,
did not demonstrate aCP and
therefore their data could not be used.
All other subjects demonstrated the CP
towards the end of trunk flexion, and
none of them reported stretching in
the hamstrings or pain in the lower
back during the tests.
Table 1 shows the means and
standard deviations of the vertebral,
hip and trunk movements from erect
standing to the CP and to full flexion.
The vertebral and trunk movements
from erect standing to the CP
expressed as percentages of that to full
flexion are also presented.
This table shows that.the two groups
were not significantly different in
22.1 (6.0)
17.8 (5.3)
83.0 (8.4)
78.5 (9.2)
52.2 (12.4)
67.0 (15~1)
Older
72.5 (7.7)
60.0 (14.2)
82.0 (12.2)
19.3 (5.6)
16.2 (5.7)
84~O (14.1)
FullHF(degree) 53.2
HF to CP (degree) 43.8
figure 1.
The trunk angie (TAl was separated into
the vertebral angle (VA) and the hip angle
(HA) which signify the vertebral and hip
movements respectively during trunk
flexion.
From Page 93
CP was not different between the two
groups was interesting. Since the spinal
ligaments in older subjects are less stiff
than those ofyoung people (Adamset
a11980, Twomey and Taylor 1982 and
1983), a delayed onset of the CP was
expected for the older subjects.
However, the present result did not
show such a change. This implies that
the decrease in load in the ligaments of
older people could have been
compensated for by other spinal
structures such as the intervertebral
(IV) discs and the thoracolumbar
fascia. Previous studies have shown
that .the restraint ofIV discs to trunk
flexion increased with age due to
increased stiffness (Adamset al 1980,
Twomey and Taylor 1983). It is
possible that the IV discs in the older
subjects have compensated for the
decreased stiffness in the ligaments by
taking up more load during trunk
flexion. Potentially, this could be
detrimental to the discs, as the extra
load may overstrain these structures
and lead to discal problems. Twomey
and Taylor (1987) have reported that
the incidence of disc degeneration
increases with age and the lower two
lumbar discs are <most affected.
However, the above speculation is
based on a simplified model of spinal
mechanical changes with.ageing. The
full biomechanical implication of the
age related changes of the IV discs
such as decrease in proteoglycan
concentration and water (Gower and
Pedrini 1969,Hallen 1958) and
increase in.non-collagenous protein
concentration (Dickson eta11967)
need to be examined with further
studies.
Kippers and Parker (1984) reported
the onset of CP at 89 per cent of
vertebral flexion which is comparable
to the present findings of83 ±8.4 [SD]
and 84 ± 14.1 [SD] per cent for young
and older subjects respectively.
However, these findings contradict
some previous reports which indicated
that the CPoccurs at full vertebral
flexion (Floyd and Silver 1951 and
1955, Pauly 1966, Portnoy and Morrin
1956, Tanii and Masuda 1985). Most
of these studies examined the CP with
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qualitative analyses which were based
on subjective judgements. These may
not reliably quantify differences of a
few degrees between vertebral flexion
at the CP and full flexion as shown in
this study and that of Kippers and
Parker (1984).
Even though the results of Kippers
and Parker (1984) are comparable with
the present findings, there is a small
difference in the exact values between
the two studies. Two factors may be
responsible for this difference. Kippers
and Parker (1984) used Tlas a
reference point for measuring vertebral
flexion, which would include the
thoracic movements. The present
study limited the movements to the
lumbar spine by using L1 as the
reference point, thus· a smaller range
was obtained. Furthermore, Kippers
and Parker (1984) used still
photography to recordtheCP. The
success of this method was dependent
upon the <experience of the examiner in
being able to recognise the CP at real
time and to trigger the camera. There
could also have been some time lapse
between the onset of the CP and the
triggering of the camera. In the
present study, the time lapse was
overcome by using a video recording
so that the image could be replayed at
slow motion. The video recordings
also enabled repeated analyses of a
movement for identifying the CP.
More importantly, instantaneous
capturing ofthe body position at the
CP was possible with slow speed
replay. Such a method for recording
the CP does not require difficult
logistics and the results are believed to
be more reliable than the previous
methods. Therefore, the present
method.could be a useful model for
further studies of the CP phenomenon.
The range of trunk movement from
erect standing to the onset ofthe .CP
was greater in the older subjects than
in young subjects (p < O.05). Since the
vertebral movements were found to be
similar in both groups, the larger hip
movement in the older subjects (Table
1) would account for the increased
trunk flexion in this group.
The increase in hip movements
before reaching the CP in older
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subjects highlights a possible·decrease
in pelvic girdle stabilisation with
ageing which needs further
investigations. During·trunk flexion,
the pelvis is stabilised by the hip
extensors which counterbalance the
upper body moment. Towards the end
oftrunk flexion,the pelvis rotates
anteriorly, resulting in hip flexion to
facilitate the trunk movement (Cailliet
1977). It is possible thatin the older
subjects, the pelvis is not stabilised and
rotates anteriorly during the early
phase of trunk flexion, which disrupts
the normal lumho-pelvic rhythm.
The range of trunk movement to full
flexion was found to be significantly
less in older subjects. This could be
due to decreased range of motion in
both the vertebral column and the hip.
The means for hip and vertebral
movements to full flexion were less in
the. older subjects than in younger
subjects although the differences were
not statistically significant. However,
the results, particularly for the hips,
indicate that older people may have
stiffer hips and lumbar spines than
young people.
Conclusion
The use of two synchronised video
cameras to record the CP is a new
method which is believed to be more
accurate than those previously
reported. The findings of this study
indicate that vertebral movements are
not different between younger and
older people. However, ageing was
found to be associated with an increase
in hip movement toCP, which
suggests that disruption to the normal
lumbo-pelvic rhythm with anterior
pelvic rotation occurred in the early
phase of trunk flexion. The older
subjects also demonstrated less total
trunk flexion which· could be due to
stiffening ofboth the hip and the
spine.
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